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Models can be classified as contingent and
non-contingent in one dimension, deterministic and probabilistic
in the other. The model developed in this thesis is a contingent
probabilistic model. Its purpose is to estimate the probability
distributions of results, on the basis of probability distribution
of the inputs to the model. The input variables are statistically
related as defined by their covariance matrix. A special sampling
process is developed in the thesis to enable the covariance matrix
of the variables to be simulated through Monte Carlo sampling
technique.
The first application of the model shows how the
probabilistic distribution of the profit of an insurance company
can be estimated. In the second case, application is extended to
a small local manufacturing company to show how alternatives
can be evaluated by including the risk-element.
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7INTRODUCTION
Any company planning, long or short term, implies
futurity, and must include forecasting as a vital element. No
plan can succeed if the forecasts upon which decision making is
based are badly made. Forecasting is a means of making the
future environment less uncertain so effective planning can be
done.
Forecasts can be classified as contingent and
non-contingent. The non-contingent forecasts are those in which
all input variables are not controllable by the planner. Weather
forecasting is an example of a non-contingent forecast. Nearly
all econometric and financial forecasts are contingent. They are
made subject to sets of assumptions and predictions over which
the planner has a certain degree of control. With this nature of
contingency, forecasts are used to tackle the What if..... It
questions. In this paper, by forecast we mean contingent
forecast.
In the other dimension, forecasts can also be
divided into probabilistic or deterministic forecasts. A
8deterministic forecast predicts what will be the outcome, given
a set of assumptions, while a probabilistic forecast indicates
also the probability distribution associated with the outcome.
If risk is trivial, a deterministic forecast is good
enough. Risk, though, has a great deal of influence on management
decisions management is risk averting. Knowing the probability
distribution of outcome, i. e., assuming the risk involved,
decisions can be made optimizing the combination of risk and
profit it.
This paper is a study on profit forecasting with a
probabilistic model built using Monte Carlo covariance simulation.
This, then is a contingent forecast to answer the" What if....."
questions.
Chapter 1 discusses briefly the several fields--
forecasting, modeling, simulation and decision making under
uncertainty, relevent to this paper. In Chapter 2, the technique
of Monte Carlo covariance simulation in modeling is developed
and then applied to two companies in Chapters 3 and 4.
Chapter 5 serves as a concluding chapter to this paper and.
discusses some further applications of this modeling technique.

11.0 FINANCIAL MODELING AND FORECASTING
1. 1 Forecasting and Modeling
Forecasting is an essential prerequisite of any
company planning which is a process of deliberately anticipating
future events and. taking appropriate action in the face of these
expected events. Although the future cannot be known for certain,
the purpose of forecasting is to reduce the uncertainty associated.
with it, and hence enable better planning. When evaluating an
investment, the expected return is one of the vital decision
making criteria. What is the expected return? This can only
be answered. by forecasting. Forecasting is not a means of
telling exactly what will happen. This is impossible because
futurity is anticipated.. What it does is serve to reduce
uncertainty involved, so planners can plan accordingly (11).
Figure 1. 1 gives a brief account of how forecasting helps
decision making (3).
Usually, forecasting is never exactly correct because
of futurity, incomplete information, and most important of all, the
fact that forecasting is always at the mercy of planners. A
2Fig. 1.1 Structure of Decision Making
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forecast is made so planning can be properly based. Whoever
the planner is, he tries to better the outcome. Actions are hence
taken to improve what is being projected. While a forecast on a
company's sales may be $1, 000, 000, the planner, not satisfied
with this figure, might plan to advertise more and. adopt a more
aggressive price policy. The planner's success in pushing up
sales may cause the forecast to be wrong. However, the forecast
will have accomplished the task of pointing out what the expected
situation is.
In other words, the accuracy of a forecast is not a
measure of the quality of the forecast. If a forecast points out
the likelihood of an undesirable sequence of future events, and
management consequently takes directed and. successful action
to prevent that, sequence of events from actually occuring, then
the forecast is a very successful one.
Modeling is a powerful tool of forecasting. Large
numbers of models are constructed for forecasting economic
growth, GNP, employment, industry growth etc. A model is a
representation or abstraction of an actual object or situation (21).
It shows the relationships and interrelationships of action and
reaction in terms of cause and effect. The variable to be
forecasted usually depends on more than one variable which
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interact in a complicated manner. The construction of a model
helps to abstract the most relevent variables (a trade off
between accuracy and effort involved) and states their
interrelationships in a logical manner. The problem of
forecasting a single variable is hence broken down into the
forecasting of a set of much smaller elements. Some of the
elements are uncontrollable, and they can be set by the controller.
While these elements are found (deterministically or probabilistically),
they can be fed. into the model and give the model output.
Models can be classified as contingent and
non-contingent. A non-contingent model includes only exogenous
variables over which the forecaster has no control. A contingent
model may include both exogenous and endogenous variables.
Time series models employing trend analysis are examples of
non-contingent amodels. Since historical data are the only input
data, these models are inherently non-contingent. Most other
models are contingent in nature, because the planner usually has
control. of some sort over the input variables of the models.
Because the planner has control over some of the
input variables, forecasting can be made upon different sets of
input variables. The model can be used to evaluate alternatives
open to the planner. This kind of model is most useful to answer
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the questions "What will happen if there is a change in the settings
of the variables of the models?," What action has to be taken so
as to achieve the goal and/or to better the forecasted outcome?"
In the other dimension, models can be classified as
probabilistic or deterministic. A probabilistic model is built
on probability and statistics and is concerned with the future
uncertainties. It helps to forecast what will be the most likely
outcome and the probabilistic distribution associated with it.
Most econometric models yielding a forecast with a confidence
interval associated with it are probabilistic models. A
deterministic model is one that predicts a single outcome,
given a set of inputs. It is a probabilistic model with zero
variance. The linear programming model is an example of a
deterministic model. In this paper, the model to be constructed
is a contingent probabilistic model.
A financial model is a representation of a business
problem in terms of accounting relationships (12). In the broadest
form, it takes the costs and revenues of a corporate financial
structure as an outcome. The pro-forma accounting statement
models are typical examples of financial models. Financial models
are widely used in corporate planning, capital budgeting, product
line planning, etc. The profit model developed in this paper is
6
inherently a financial model.
1.2 Simulation
Simulation as the term will be used here can be
defined as the act of representing some aspects of the real world
by numbers or symbols which may be easily manupulated to
facilitate their study (13). Since it is defined, by the words
numbers and symbols, "it is a mathematical model to evaluate
alternative courses for decision making.
The analog computer is a good example of simulation
applied in science and engineering. A basic circuitry is simulated
by integrators, dividers, multipliers and adders. The circuit
response is studied for various inputs to the model. Management
games (a powerful tool for management training) are examples of
simulation applied to business. In some games, a whole market
structure is simulated (the supply and demand functions) and
participants run "companies"; which compete in this hypothetical
market as in real business.
Basically, simulation involves the construction of
mathematical model(s) to describe the operation of the real system.
The system is divided into elements interrelated with each other
through definable interrelationships. Mathematical equations are
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then written accordingly. By varying the input to the model,
different outcomes result correspondingly. Generally, it is
impossible by simulation techniques to directly determine an
optimal solution. Usually a satisficing solution is chosen rather
than a probable optimal solution being determined.
The queuing model of service stations is an example
of model building in simulation (it is also a probabilistic model).
The system is divided into arrival rate, (usually Poisson-distributed),
channels of service, service rate (again usually Poisson-distributed),
etc., as input parameters. Their mathematical and statistical
relation is formulated to give a simulation of the whole system.
The effect on service is then studied for different sets of input
parameters (4).
1. 3 Decision Under Risk
When given two alternatives with equivalent terms,
one resulting in a certain gain of $110 while the other a gain of
$100, the former alternative is better, since it offers a higher
yield. A decision maker will be indifferent if the profits are the
same. Monetary value is a good measure for decision making
under certainty. The picture will be more complicated if risk is
involved.
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When given two alternatives with profits and the
associated probability distributions (Fig. 1. 2), whether
alternative A or B is better depends on different individuals.
Alternative A gives a higher profit together with a higher degree
of variance. If risk is trivial, A definitely will dominate B.
But the assumption of risk being trivial is never true in the business
world. A more risky investment is justified only if it results in
higher yield.
The fact of preferance against risk can be explained
by the Law of Diminishing Marginal Utility. Given two
alternatives A and B, A results in a zero profit with zero
variance while B results in zero profit with variance Q2; A can
be shown to give a higher utility than B whenever the Law of
Diminishing Marginal Utility holds. If B gives a higher profit
associated with the variance Q' 2, it is not easy to tell which is
better.. It depends on the slope of the utility curve for the
decision maker.
Hence in making decisions under risk, the picture
can be quite complicated. Profit has to be weighed against risk.
Also because of the non-linear relationship between risk, profit
and utility, intuitive judgement is difficult. A graph of the
decision maker's utility function or simply the contours of the
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of the function in the risk-profit plane can help in tackling this
problem.
Figure 1. 3 shows four alternatives with different
profits and risks. How does one rank them? Alternative A is
inferior to B, because while giving the same profit, A involves
more risk. Alternative C is better than B, as with equal risk,
C gives higher profit. C is hence also preferred to A (6). The
problem is simplified to determine which of C and D is better.
In Figure 1.4, two sets of iso -utility curves are
drawn. They represent the Risk-Profit combinations giving the
same utility (22). The set X has a greater slope than the other
set. It means that X has a lower degree of aversion against risk
An indifference curve with a slope equal to infinity means that
risk is trivial. According to the set of iso-utility curves X,
D gives a higher utility and hence is a better alternative. With
the other set, C is preferrable.
Hence we see that when all things are equal, a higher
yield alternative is better but when risk is taken into
consideration, the alternative may be different. In planning,
risk is an unavoidable factor since futurity is involved. It must
be considered. A set of iso -utility curves can help in making the
appropriate decision. There is no standard set of iso-utility
11




















curves nor an easy way of measuring these curves. The shape of the
the iso -utility curves depends on the behavior of each individual
and also the circumstances under which a decision is made.
Though it is not easy to apply exactly, it is a powerful tool for
making decisions rationally.
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2. 0 CONSTRUCTING THE MODEL
2.1 Modeling
A financial model is a representation of a business
operation in terms of accounting relationships. The following
equation
PROFIT= REVENUE- COST
is an example of a financial model with REVENUE and COST as
input variables and company PROFIT as dependent variable.
Generally, REVENUE and COST are too broad to be considered
as independent variables. They can be subdivided into some
other smaller prime elements and hence a better model can be
built. Mathematically,
PROFIT= f(X1, X2, X3....... Xn)
where X's are independent variables of the model.
Consider the following probabilistic model
Z= X+Y
If X and Y are normally distributed random variables with
means and )py, standard deviations Qx and and
2
correlated with covariance Q', then Z is normally distributed
xy
15





where r is the correlation
coefficient of X's.
When, in the model, overall profit is a simple
summation (subtraction) of the independent variables, the above
equations hold, and the dependent variable can be computed
straight away.
But if the function is not linear, the distribution of Y
cannot be determined by the above equations. Furthermore, the
above equations hold only if all the X's are normally distributed
However, the distribution of Y can be estimated by using Monte
Carlo Simulation.
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2.2 Monte Carlo Simulation
Monte Carlo Simulation is a process in which random
samples from a set of independent variables are chosen such that
their statistical distributions are preserved.
For a model Z= X Y
where X n N( x' x)
and YnN(y,X u)
y, y
xi and yi can be drawn randomly from the distribution of X and Y
respectively. Then the distribution of Z can be estimated by
building a body of data of the form
zi= xi.* yi.
An application of Monte Carlo Simulation to a waiting
line model is discussed in detail by Buffa (4).
The model can be extended to take into consideration
variables whose distributions are correlated with each other.
xi and yi can be drawn from the j oint distribution of X and Y. This
will insure that the correlation of the xi and yi will be the same as
the population correlation coefficient of X and Y.
Given a general function
Y= f(X1, X2, X3 Xn)
a random n-tuple, (x1i, x2i, xni) can be drawn from the
joint probability distribution of XI, X2, X3 Xn. From
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these sets of n-tuple, a set of values yi can be computed according
to the function f.
From the set of values yi, a sample mean and
variance can be computed which can be used to estimate the
corresponding parameters of the distribution of Y. It should be
noted that this applies to any kind of distribution of the X's.
2.3 Sampling an N-Tuple by Covariance Simulation
Given two normally distributed variables with
correlation coefficient r,
X N( x ' x)
Y N(y ' y)
cov(X, Y)= r x y
the two variables can be represented by two standard normal
variables el, e2 where
el= e2 N(O, 1)
then
X =x + x e1
Y =y+r ye + (1-r2) ye2
This can be extended to n normally distributed variables.
If they have zero means, they can be represented by n standard
normal variables el, e2 en as
18
By selecting the appropriate values of ai ij the set of
normally distributed variables can be simulated by a set of
standard normal variables
2.1
With .- as the Covariance Matrix of the set of normally
distributed random variables, A (the Random Function Matrix) can
be solved from Equation 2. 1. The mathematics for solving a
problem of three normally distributed variables is given is
Appendix A. An algorithm is developed for solving A for a set of
n normally distributed variables and is incorporated in a computer
program used in this thesis. Please refer to Appendix B.
An n-tuple (eli, e2i' e3i..... eni) can be drawn by
means of any normally distributed random number generator. The
n-tuple (y.) can hence be computed by
19
Y= Ae
The n-tuple (xi) defined by the set of normally distributed
variables (X1, X2, X3 Xn) are then drawn accordingly.
2.4 Application of the Model
It has been outlined in the previous section how the
variance of a dependent variable as a function of a set of
normally distributed variables can be estimated by the Monte
Carlo Covariance Simulation Method. Given a profit function
Y= f(X1,X2,X3 Xn)
the variance of Y can be determined from the statistical relations
of the X's. Furthermore, with the assumption that the
statistical relations do not change, the variance of Y can be
controlled by changing the means of the X's. This effectively
changes the weights given to each X variable in determining Y.
Taking the following function as an example,
Z=x*Y
It can be illustrated that by choosing values of X and y2
can be controlled even though x, y and xy are kept constant.
For a company with a profit function
Y= f(X1, X2, X3 Xn)
and also xi=xi +yi
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the mean and distribution of Y are affected by decisions made on
the X's. For example, a company can cut the sales of a high
variance product line so as to reduce the variance of the
resultant profit.
In considering the product and pricing policies of the
company, different alternative combinations of X's can be arrived
at. For these different sets of X's, the resultant profits will have
different means and standard deviations. These alternatives can
then be ranked according to the Risk-Profit Iso-utility Curves of
the decision maker (management).
To sum up, the main process is to estimate the
distribution of different alternatives so that they can be ranked
with the aid of a Risk-Profit Iso-utility map.
21
3.0 APPLICATION OF THE MODEL:
INSURANCE COMPANY OF NORTH AMERICA
3.1 The Financial Model1
The company runs twenty-four insurance product lines,
For each product line, the profit is a function of seven revenue
and cost elements. They are Earned Premium (EP), Allocated
Claim Expenses Incurred (ACXI), Unallocated Claim Expenses
Incurred (UCXI), Claims Incurred (CI), General Expenses
Incurred (XIG), Taxes Incurred (XIT) and Commissions
Incurred (XIC).
PROFIT= EP- ACXI- UCXI- CI- XIG- XIT- XIC 3.1
The Earned Premium is calculated as an accrual from policies
written in previous months. For example, when an one-year
policy is written on March 31, one-twelth of it will be accrued as
Earned Premium in each of the twelve following months. The
unearned portion of the written premium is recorded as a
liability account called the Unearned Premium Reserve.
1. Data used in this example was obtained through the courtesy
of the Insurance Company of North America (INA) to whom the
author expresses his thanks and appreciation.
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If the sum of all loss elements (Allocated Claim
Expenses, Unallocated Claim Expenses and Claims) is divided by
Earned Premium, the Loss Ratio (LR) is obtained. Similarly,
dividing the sum of all expenses (General Expenses, Taxes and
Commission) by Written Premium (WP) gives the Expense Ratio
(XR). Equation 3. 1 can be written as
PROFIT= EP- EP **LR- WP XR 3.2
In this equation, the underwriting profit for a policy line is a
non-linear function of four variables. And this is the equation
used in profit forecasting. The ratios are used as forecasting
elements rather than the individual expense and loss elements
because of the high variability of the cost elements. The ratios
have a much smaller variance and can be forecasted more
accurately.
For each of the twenty-four product lines, the estimated
Written Premium, Earned Premium, Loss Ratio and Expense Ratio
are input to Equation 3.2 to give the estimated profit for the coming
period. The total profit is the sum of the profit of each of the
twenty-four product lines.
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3.2 Analysis and Conclusion
By the courtesy of INA, I gathered the profit data of
the company for the period of January 1967 to October 1972.
The data are the monthly dollar amount of premiums, claims
incurred and expenses incurred for each of the twenty-four
product lines. The raw data were processed through Program A
and Program B (Appendix B) to give the covariance matrix and
Random Function Matrix.
The profit of each product line is a function of four
variables, EP, LR, WP and XR. With a total of twenty-four
product lines, the total profit is hence a function of ninety-six
variables. With the Monte Carlo covariance simulation
technique described in Chapter 2, a tuple of ninety-six can be
drawn, simulating the statistical relationship of the ninety-six
variables. The procedure is to use the tuple of ninety-six random
numbers to calculate the profit for each product line from
Equation 3. 2 and then sum the twenty-four profit numbers to
give the total profit. The process is repeated five hundred times
to give five hundred simulated total profit estimates. The mean
and variance are then calculated. With the means of historical
data as forecasts1, the mean profit and the variance of the five
1. Of course, any other numbers could have been used for the forecasts,
but the author did not have any other data from the company upon
which a more relevent forecast could be based.
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hundred estimates are calculated (using Program C, Appendix B)
to be $2. 3 million and 8. 9 2x1014 (standard deviation= 2.99x107)
respectively. This appears to be a considerable overestimate
of the variance.
The main reasons for the overestimate of the
variance are the imperfection of the random number generator
used and an invalid assumption in the basic model. Figure 3. 1
gives the histogram of the simulated profit of product line number
one. It is observed that the histogram is far from being a smooth
normal distribution as it should be for give hundred simulations,
if the computer-based random number generator were a high
aualitv one. This results in error in the estimation.
At the same time, a histogram of the deviation of raw
data from the moving average of Written Premium of product line
number one is shown in Figure 3. 2. The distribution is appearantly
platykurtic (with a flat top). When approximated by a normal
distribution, the inter-decile range is very much exaggerated.
The simulated distribution will have a much larger inter -decile
range than is appropriate for the raw data. This helps to explain
the large variance of the estimated profit.
25
Fig. 3. 1 Histogram of Profit (Simulated)
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4.0 APPLICATION OF THE MODEL:
S.C. P. MANUFACTURING COMPANY1
4.1 The Company
S.C.P. Company is a small local manufacturer of
polyethene tapes and bags. When the study commenced, the
company structure was very simple. Only two workers were
employed. Mr. Wu, sole proprietor of the company, did all the
marketing, clerical, and part of the production work. Actually,
there was little marketing to be done since all products were sold
directly to wholesalers. Mr. Wu spent most of his time in production
work, and there were four production machines.
Products were sold under four categories: A, B, C
and D. Each category had a flexible price range2. Products were
made to customers' orders and inventories were never allowed to
build up because of the wide range of product sizes. Accordingly,
production and sales fluctuated from time to time. Weekly sales of
the company were approximately HK$ 2,700 while net profit was
1. Names of company and people are disguised.
2. The price range was determined by lot and product sizes.
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about $400.
Growth of the company was Jamitea by the production
capacity of the plant, which was already operating to its limit.
The costs involved in moving to a larger plant were prohibitive,
and the prospect was never seriously considered.
This contingent, non-growth state of the company
lasted as long as two to three years. The newest production
machine was purchased in 1970. Mr. Wu went about business
as usual, making a living from his salary and the small profit
from the company.
By July 1973, Mr. Wu faced several serious problems:
the cost of materials shot up by more than 100 percent, as there
was an apparent shortage in the supply of raw materials, so he
had to raise prices then, at nearly the same time, a worker
resigned, and one of the four production machines broke down.
To get the machine back in operation could possibly take months.
Foreseeing a decline in sales due to the raise of product prices,
Mr. Wu decided not to replace the employee who had resigned,
but rather to cut production by about 20 percent. There were many
alternatives as to which part of the product line to cut, and by how
much. Each of these alternatives of future product line mix would
yield a different profit picture (mean and probability distribution).
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Which was the best one, i. e., which one would yield the
highest utility in terms of profit and risk?
4.2 Profit Model of the Company
The financial structure of the company can be broken
down as follows:
Revenues: Sales
Costs: Overhead--rent, depreciation, salary
(approximately$ 800 weekly), etc.
Material costs--sales of A and B (in pounds)
times raw material cost
Scrap costs--0. 5 percent of sales of A, B, C
and D (in pounds) times raw
material cost
Of the elements of the profit function, seven were
considered variables (because of the high variances), and the
others constant. The profit function, weekly sales (8 February
to 11 April, 1973), and some cost/profit elements of the company
are given in Table 4. 1. The time residue Covaricnce Matrix (Z)
and Random Function Matrix (A) of thevariables are given in
Table 4. 2.
The profit and probability distribution of each of the
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Table 4.1 Cost-Profit Data of S.C.P. Co.
Price of Sales of Price of Sales of Price of Sales of Sales of
Product A Product A Product B Product B Product C Product C Product D
1,19 226.63 1,06 1142,25 0,20 878,38 6053.00
1,17 437,25 1,06 1243.63 0.19 1177.50 4857.25
1,17 873.25 1,08 492,88 0,20 2089,75 5345,50
1.19 572,00 1,11 902,63 0,20 1421,00 2112,63
1,24 823.38 1,12 338.25 0.20 633,50 4357.13
1.24 676,88 1.13 778,13 0,20 1279.88 5493.00
1,35 297,50 1,15 356,00 0,20 1061.50 4081.50
1,22 1737,63 1,12 1799,88 0.20 1608,00 4944.00
1,24 510,38 1.10 1091.50 0,20 648,38 4014.38
Means
1,22 683,88 1,10 905.01 0.20 1199.77 4584.26
Profit= Sales of Product A* Price of Product A+ Sales of Product B* price of Product B
+ Sales of Product C* Price of Product C+ Sales of Product D* Price of Product D
(Sales of Product A+ Sales of Product B)* Price of Raw Material
(Sales of Product A+ Sales of Product B+ Sales of Product C
+ Sales of Product D)* Price of Raw Material* 0,05- Overhead
Price of Product D= 0,16
Overhead Expenditure= 800,00
Price of Raw Material= 0.82
Mean Profit= 401,14
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Table 4.2 Covariance Matrix& Random Function Matrix
Covariance Matrix of Variables
0.0 -8.4 0.0 -10.3 0.0 -5.6 2.9
-8.4 151366.5 -0.6 78200.8 -0.1 101930.0 87127.9
0.0 -0.6 0.0 -4.2 0.0 0.4 -3.7
-10.3 78200.8 -4.2 199566.9 -0.2 25616.6 84824.1
0.0 -0.1 0.0 -0.2 0.0 0.1 1.4
-5.6 101930.0 0.4 25616.6 0.1 18 9567.1 18917.8





-256.7 75.2 -137.1 330.5
0.0 0.0 0.0 0.0 0.0
-139.5 221.7 65.5 -54.2 118.0 315.9
73.1 311.5 -553.9 12.8 507.8 -199.2 606.9
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alternatives are determined and presented in Appendix C.
Table 4.3 gives a summary of these alternatives and profit
distribution.
4.3 Analysis of Results and Decision Made
From the data in Table 4.3, a Risk-Profit plane is
constructed (Figure 4.1). Assuming a risk-averting decision
maker, the conclusion cn be drawn that:
alternative 4 is preferred to alternative 1;
alternative 5 is preferred to alternative 2;
alternative 6 is preferred to alternative 3;
and there exists no basis for preference among
alternatives 4, 5 and 6 unless the decision maker's utility function
is more completely specified. Thus the problem was reduced to
choosing among alternatives 4, 5 and 6.
On Figure 4.2, three iso -utility curves for individuals
A, B and C are drawn. A is an extremely risk-averting person
B is intermediate and C is risk indifferent. According to A,
alternative 4 is the best for C, alternative 6 appears to be the
best. However, alternative 5 is the best for B. Mr. Wu, having
a risk preference curve of approximately B, chooses alternative 5
as the future production policy.
33









Alternative 6 424.7 418.5
Price of Profuct D= 0.2
Cost of Raw Material= 1.7
Overhead Expenditure= 800.0
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5. 1 Evaluation of the Technique
In Chapters 3 and 4, the model is applied to two
companies.. In the first case, estimation of the distribution of
profit, given a set of estimates, is computed. In the second case,
application is extended to estimating the distribution of profit for
several sets of estimates. The result is weighted with the aid of
a Risk-Profit Plane and Iso-Utility Curves.
The main theme of this thesis is to estimate the
variability of a dependent variable, assuming the statistical
relationship of independent variables remain unchanged. The
second assumption is that all variables are normally distributed
random variables. This does impose a limitation on the
application. If the distribution happens to be very skewed,
estimation may be biased. As occurring in the INA case, a
platykurtic distribution, when approximated by a normal
distribution, leads to overestimation of the variance.
A remedy is to use a distribution that approximates
most properly the distributions of the variables and foresake the
37
convenience of using a normal distribution.
Another limitation comes from the sampling process.
Firstly, the random number generator is not exactly random
secondly, sampling is a lengthy process, and this can impose a
limit on the size of the sample drawn. The limitation of sample
size may lead to excessive imprecision in the final results.
5.2 Extension of the Model and Further Application
The two applications illustrated are both profit forecasts,
but the applications actually are unlimited. The model can be used
extensively in other kinds of forecasts involving non-linear
functions of random variables. For example, sales of a company
may be given as some non-linear function of price and advertizing
expenditure.
S= f (p, A) where S= sales
p=price
A= advertizing expenditure
The distribution of sales can be estimated by
application of the model with the given sales function. From the
historical data, the covariance matrix of price and advertizing
expenditure can be computed. By taking samples of p and A, the
distribution of sales can be calculated.
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Discussion in this thesis has been largely limited to
normal distributions only. However, any approximately
symmetrical empirical distribution could be used to generate the
random numbers and it is expected that the use of empirical
distributions in the INA example would have substantially
eliminated the. problem of overestimating the variance in that
example.
Unfortunately, it is not possible within the scope of
this thesis to redevelop the model to actually use empirical
distributions and one of the conclusions of this thesis is simply
that in dealing with actual data, the conventional assumption of




Solving the Random Function Matrix of A




x3 a31e1+ a32e2+ a33e3
var (x1)= var (allel)= all
cov (x1x2)= cov (a11e1 (a21e1+ a22e2)) lla21
cov (x1x3)= cov (a11e1 (a31e1+ a32e2+ a33e3))
a11a31
VAR(x2) =var(a21e1 + a22e2)=a21 2+a22 2
cov (x2x3)= cov ((a21e1+ a22e2) (a31e1+ a32e2+ a33e3))
a21a31+ a22a32
var (x3)= var (a31e1+ a32e2+ a33e3)= a31 2+ a32 2+ a33 2









Programs for processing the INA data
Program A: Computes moving averages of raw data
Program B: Computes covariance matrix and
Random Function Matrix accordingly
Program C: Estimates profit and its distribution
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APPENDIX C
The profit and probability distribution of the alternatives
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1以
蒙
地
卡
羅
及
互
變
異
數
模
擬
方
式
建
立
財
務
模
式
與
預
測
預
測
乃
估
計
未
來
事
情
的
發
展
,
使
能
有
效
地
作
出
策
劃
的
技
術
。
模
式
是
以
某
種
形
式
來
代
表
一
種
景
況
,
它
也
是
從
事
預
測
的
一
項
強
而
有
力
的
工
具
。
當
我
們
研
究
並
知
悉
某
一
模
式
對
不
同
外
來
因
素
所
產
生
的
不
同
反
應
時
,
我
們
便
能
估
計
事
物
的
未
來
發
展
,
以
之
作
為
計
劃
的
基
礎
。
模
式
可
以
劃
分
為
受
控
Contingent
及
非
受
控
n
o
-co
ntim
gent
兩
類
。
如
輸
入
因
素
受
人
操
縱
,
則
屬
於
受
控
模
式
;
反
之
,
即
為
非
受
控
模
式
。
2在
另
一
方
面
,
模
式
又
可
分
或
然
性
Pobalibistic
及
確
定
性
detevm
inistic
兩
種
。
確
定
性
模
式
是
用
以
估
計
輸
出
因
素
的
可
能
值
,
而
或
然
性
則
係
估
計
輸
出
因
素
的
機
率
分
佈
。
本
文
所
討
論
的
是
一
個
受
控
及
或
然
性
Contingent
and
pro-
babiliicc
模
式
,
目
的
在
根
據
輸
入
因
素
的
機
率
分
佈
而
估
計
輸
出
因
素
的
可
能
值
及
機
率
分
佈
。
文
中
全
係
利
用
財
務
模
式
以
預
測
公
司
的
利
潤
,
所
謂
財
務
模
式
是
以
會
計
方
式
來
代
表
商
業
問
題
。
案
倒
中
的
公
司
利
潤
是
由
一
非
綫
性
公
式
表
示
,
該
公
司
的
輸
出
因
素
是
公
司
的
收
益
與
成
本
。
它
們
的
關
係
可
用
互
變
異
數
3數
陣
co
n
vasianceM
xtrix
來
確
立
。
假
設
它
們
的
關
係
不
變
,
這
模
式
便
可
預
測
輸
出
因
素
(
利
潤
)
的
機
率
分
佈
。
由
於
模
擬
方
式
通
用
於
非
線
性
模
式
,
此
本
文
乃
採
用
此
一
方
法
。
本
文
並
論
及
一
項
新
的
抽
樣
方
法
,
此
法
利
用
蒙
地
卡
羅
式
抽
樣
M
onte
Carlo
Sam
pling
Technigue
來
模
仿
輸
入
因
素
的
互
變
異
數
在
第
一
個
案
例
中
,
作
者
利
用
互
變
異
數
模
擬
法
估
計
一
間
保
險
公
司
的
利
潤
機
率
分
佈
。
在
第
二
個
案
例
中
,
作
者
更
討
論
如
何
利
用
風
險
因
素
來
衡
量
不
同
的
方
案
。
作
者
所
遭
遇
的
主
要
困
難
,
是
電
腦
時
間
的
限
制
及
電
腦
所
4使
用
的
隨
機
樣
本
random
sam
ple
genesator
不
夠
完
善
;
因
此
,
在
模
擬
輸
入
因
素
的
互
變
異
數
時
發
現
差
。


